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PCT/US98/I6818 

RETROVIRUS AND VIRAL VECTORS 



FIELD OF INVENTION 

This invention relates to the fields of genetic engineering, virus replication, and gene 
5 transfer. 

DESCRIPTION OF RELATED ART 

Retroviruses and retroviral vectors are potentially powerful tools for the transfer of 
genes into animals and humans, for the creation of transgenic animals, and for vaccines. 

10 However, the use of the retroviruses has certain disadvantages. Most vexatious of them is the 
obligatory integration of the DNA form of the viral genome for its expression and replication 
(Cannon et al., 1996; Englund et al., 1995). The integration may have unforeseen and 
undesired consequences. It could lead to the transcriptional activation through the juxtaposition 
of the retroviral promoter/enhancer. It could also result in insertional mutagenesis. Both events 

15 could result in the production of tumors (Katzir et al., 1985; Neel et al., 1981; Ott et al., 1992), 
the former by activation of a dominant oncogene, the latter by inactivatmg a tumor suppressor 
gene. Other unwanted sequelae may be induced by similar mechanisms (Wu et al., 1993). 

Several practitioners in the art have made attempts to circumvent the undesirable 
consequences of random integration into the host chromosome. For example, they have 

20 exploited the idea of tethering the viral integrase protein to the site-specific DNA binding 
proteins. Such hybrid proteins should recognize specific DNA sequences on the chromosome 
and integrate the provirus specifically into those regions. However, it is not easy to map all the 
potential targets in the genome and the resulting hybrid proteins also have not been very 
efficient (Bushman, 1994; Goulaouic and Chow, 1996). Other strategies, though not entirely 

25 successful or simple, were proposed as well. 

For example, U. S. Pat. No. 5,118,627 discloses a microbial shuttle vector 
independently replicative in bacterial and mammalian cells which includes in its DNA 
sequence bacterial plasmid sequences allowing replication in bacteria, and an SV40 viral ori 
and SV40 promoters and terminators. 

30 U. S. Pat. No. 5,324,645 discloses a highly retrovirus producing DNA construct having 

a gene encoding retrovirus, which does not include a retrovirus long terminal repeat sequence. 
This construct is incorporated into a vector for gene amplification. 



1 
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U. S. Pat. No. 5,338,674 discloses a live non-pathogenic RNA tumor virus having an 
altered genome that encodes the antigenic determinants of a pathogen but has no genes coding 
for pathogenicity. 

U. S. Pat. No. 5,420,026 discloses self-assembled, replication defective, hybrid, and 
5 virus-like particles having capsid and membrane glycoproteins fiom at least two different virus 
types. 

Facing the disadvantages associated with retroviral replication involving the obligatory 
integration step, the instant inventor came forward with a new mvention that overcomes these 
drawbacks. In this application the inventor discloses the construction and testing of novel 
10 retroviruses and vectors derived from them that can replicate episomally in vertebrate cells 
without integration into the chromosomal DNA of the host, therefore rendering them safer for 
use in gene transfer, in gene therapy, and for vaccines. 

GENERAL ASPECTS OF THE INVENTION 

15 This invention is based on a surprising finding that a recombinant hybrid murine 

leukemia virus (MLV) can replicate in certain mouse cells without integration. 

The infectious viral agent such as retrovirus is usually packaged as a virus particle or a 
virion. It consists of a capsid built of capsid proteins, virus-encoded enzymes, e.g., DNA 
polymerase, integrase, and protease, a vu^ RNA genome, which can carry a foreign nucleic 

20 acid of interest, and an envelope, in some cases comprising glycoproteins, spaiming through 
the lipid membrane surroimding the particle. Following fusion of the virus envelope with the 
cellular membrane or endocytosis and virus release into the cytoplasm of the cell, the initial 
step in the replication involves a reverse transcription step. In this step the RNA genome, 
which in the case of retroviruses is flanked by short terminal repeats (termed R), is converted 

25 to a double-stranded linear DNA form, by virus-encoded reverse transcriptase (RT) or viral 
DNA polymerase. In this process of reverse transcription, the long terminal repeat (LTR) 
sequence is produced at each end of the double-stranded DNA. It is this two-LTR 
configuration that is integrated into the host cell genome by the virus-encoded integrase (IN). 
Integration occurs at random, or nearly random, sites on host chromosomal DNA. This 

30 integrated viral DNA is called a provirus. 

Upon retroviral infection ahnost half of retroviral DNA (Cannon et al., 1996; Leavitt et 
al., 1996; Yang et al., 1980), goes through an abortive process whereupon the cellular ligase 
joms both viral ends forming one- or two-LTR circular moleciJes (Hong et al., 1991; Kulkosky 
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et al., 1990; Pauza, 1990; Smith et al., 1990; Whitcomb and Hughes, 1991; Whitcomb et al.," 
1990). Under normal circumstances, both one-LTR and two-LTR molecules are rapidly lost 
from the cell and do not give rise to a new infectious viruses (Englund et al., 1995; Sakai et al., 
1993; Stevenson et al., 1990). Thus, the prior art is unambiguous that retroviruses cannot 
5 replicate episomally or extrachromosomally unless they integrate into chromosomal DNA of a 
host cell. 

However, this default in retroviral replication, as discovered by this inventor can be 
overridden. The solution to this problem is originally derived from a replication strategy of a 
small DNA virus. 

10 One of the best-studied small DNA viruses is the simian virus 40 or SV40 (Shah, 

1996). Other small DNA viruses replicate their DNA by a mechanism that closely resembles 
that of SV40 (Cole, 1996). One skilled in the art would recognize the similarity between the 
repHcation strategy described for SV40 and other similar small DNA viruses. For example, 
bovine papilloma virus or BPV uses so-called El and E2 proteins that are similar to analogous 

15 counterparts in SV40 (Piirsoo et al., 1996; Lehman and Botchan, 1998). 

The instant invention discloses a polynucleotide construct encoding a recombmant 
retrovirus or vector that is capable, following the conversion of the viral RNA into DNA, of 
amplification and maintenance of the viral DNA as an extrachromosomal or episomal 
molecule. As used hereinafter the term episomal replication means that a virus such as 

20 retrovirus is able to replicate without integration into host's chromosomal DNA and without 
gradual loss from a dividing host cell also meaning that said virus replicates 
extrachromosomally or episomally. The retrovirus or vector is originally engineered to harbor 
the sequence coding for the origin of DNA replication or "ori" from a small DNA virus such as 
SV40. The term origin of DNA replication or ori as used herein means generally a regulatory 

25 genetic element found on an episomal DNA molecule allowing the replication of said DNA 
molecule so that these DNA molecules are not eventually lost upon division of a host cell. This 
mechanism assures stable extrachromosomal or episomal replication. Following infection, the 
double-stranded retroviral DNA is generated by means of reverse transcription and circularized 
upon entry into the host cell. The retrovirus carries ori and the host cell provides the cognate 

30 replication protein of small DNA virus, which is used for amplification and replication of the 
circular DNA retroviral genome. A replication protein can be so-called large T antigen of 
SV40 or it can be El or E2 of BPV. This is the first known hybrid retrovirus that does not 
have to integrate into the host genome in order to replicate efficiently in the host cells. 

3 
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The instant invention also discloses a recombinant retrovirus or vector that is capable of 
amplification and maintenance of the viral DNA as an extrachromosomal molecule with the 
aid of minichromosome maintenance element (MME) - a regulatory element from bovine 
papilloma virus (BPV), which allows stable replication of episomal constructs without gradual 

5 loss from the host cell (Piirsoo et al., 1 996), 

Furthermore, the instant invention also discloses a recombinant retrovirus or vector that 
is capable of amplification and maintenance of the viral DNA as an extrachromosomal 
molecule without aid of ori and replication protein of the host cell. This is the first known 
hybrid retrovirus that does not integrate into the host genome in order to replicate efficiently in 

10 the host cells and does not use extraneous replication proteins. 

The hybrid retroviruses described above are the first examples of a retrovirus that does 
not integrate into the host genome and therefore represents a novel and very important 
discovery that attains set forth goals of safety for medical purposes. Thus, the most important 
feature of this invention is the discovery that a recombinant retrovirus can efficiently replicate 

15 in host, e.g., human cells without integration. This feature is accomplished by usmg various 
recombinant strategies such as use of ori or MME and related elements, amphotropic envelope, 
allowing stable episomal replication without loss from the host cell. Another important feature 
is a recombinant virus or vector replicating episomally vwthout extraneous regulatory elements 
like ori or MME and replication proteins like large T antigen or Eland E2. 

20 

SUMMARY OF THE INVENTION 

The present invention provides a recombinant virus, viral vector, or transposon that has 
a novel replication strategy and which allows the creation of a virus that would replicate in 
vertebrate cells via reverse transcription without the danger of being "silenced" or of 

25 deregulating host genes upon mtegration into the host chromosome. The term transposon as 
used herein means a type of transposable element which, in addition to genes involved in 
transposition, carries other genes: often conferring selectable phenotypes such as antibiotic 
resistance or ability to replicate under unfavorable conditions. The term transposition as used 
herein means the movement of a fragment of nucleic acid around the template, usually through 

30 the function of transposable element. The term transposable element as used herein means a 
genetic element that has the ability to move (transpose) from one site on a template to another. 
The yeast Tyl is a good example of LTR retrotransposon family. 



4 
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In particular, the origin of DNA replication derived from a DNA virus is inserted intc 
the genome of a virus that undergoes reverse transcription as a regular part of retroviral life 
cycle. After reverse transcription of the viral genomic RNA into DNA, the resulting molecule 
is circularized by cellular enzymes and, subsequently, replicates further as extrachromosomal 

5 DNA. Such extrachromosomal replication results in the amplification of this DNA 
intermediate in the cell, which, in tum, allows for viral replication and the production of either 
high titer viral stock or replication defective vectors. This process provides viruses and their 
respective vectors, which are quite safe for therapeutic purposes, such as gene transfer/therapy 
and other medical applications, such as viral or cancer vaccines. The said vaccines comprise 

1 0 both prophylactic vaccines and therapeutic vaccines. 

Accordingly, it is a general object of the present invention to provide recombinant 
viruses, transposons and their vectors, which are capable, following the conversion of 
retroviral RNA into DNA, of amplification of same in the cell as episomes via DNA 
replication. The replication may be by any means except as a result of integration into the host 

1 5 chromosome, including, but not lunited to, the presence of DNA sequences from DNA viruses, 
which define an ori or MME and encode a DNA repUcation protein. The repUcation may be by 
any means except as a result of integration into the host chromosome, without native DNA 
sequences from DNA viruses, which define an ori or MME and encode a DNA replication 
protein such as T antigen or El and E2. The resultant recombinant viruses replicate without the 

20 necessity of integration into the host chromosome. The resulting virus can be infectious or non- 
infectious. The determination of that depends on viral myristilation of the gag protein, by 
differential splicing, by differential initiation of RNA transcription, and by the environment of 
the host cell or organism. The term non-infectious virus as used herein also means non- 
pathogenic virus, while infectious vims can be both pathogenic and non-pathogenic. 

25 It is a further object of the present invention to provide an episomally replicating 

polynucleotide construct comprising retroviral sequences encoding at least one LTR of a retroviral 
genome, said retroviral sequences further comprising one or more mutations that disable the 
integration of said construct into host chromosomal DNA, said construct further having the 
capacity to replicate via reverse transcription, provided that any reverse transcription product 

30 obtained from such reverse transcription is also disabled from integrating into host chromosomal 
DNA. 

It is a further object of the present mvention to provide an recombinant temperate 
viruses, transposons and their vectors that are capable of infecting non-dividing cells. 

5 
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It is a further object of the present invention to provide recombinant temperate viruses; 
transposons and their vectors that are capable of repHcating in synchrony with host's 
replication cycle without causmg cell lysis. 

It is a further object of the present invention to provide recombinant viruses, 
5 transposons and their vectors that are capable of replicating via a "lytic" cycle, which would 
kill the host cell.. 

It is a further object of the present invention to provide recombinant viruses, 
transposons and their vectors that are capable of replication only in certain specific cells 
including but not limited to cells aheady infected with DNA virus which would provide 
10 necessary elements. 

It is a further object of the present invention to provide a recombinant viruses, 
transposons and their vectors that are capable of replication only in certain specific cells, 
including but not Ihnited to, tumor cells already infected with DNA virus, and capable of 
killing these cells in vitro and in vivo by means of, mcluding but not limited to, run away 
15 replication, or by a toxic gene expression. 

It is a further object of the present invention to provide a recombinant viruses, 
transposons and their vectors that have altered integrase protein or protein function and/or the 
cis elements necessary for integration or virtually any part of the genome that enhances the 
circularization of viral DNA and attenuates or abohshes integration. 
20 It is a further object of the present invention to provide recombinant viruses, 

transposons and their vectors that have altered integrase protein or protein function but are able 
to replicate extrachromosomally and indefmitely without aid of SV40 T antigen or any 
extraneous native ori element or MME -like element from a small DNA virus. 

It is a further object of the present invention to provide a recombinant viruses, 
25 transposons and their vectors which are either replication competent or defective that are 
capable of carrying a nucleic acid sequences of interest, infect host cells and express such a 
sequence m vertebrates or their cells in culture. 

It is a further object of the present invention to provide a recombinant viruses, 
transposons and their vectors that are capable of carrying a nucleic acid sequences under the 
30 control of late promoters, such as SV40 late promoter or poxvirus late promoter, whose 
products are toxic to cells and may or may not alter or kill the cells. 

It is a further object of the present invention to provide a recombinant viruses, 
transposons and their vectors that are capable of carrying a nucleic acid sequences devoid of 

6 
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the control of late promoters, such as SV40 late promoter or poxvirus late promoter, whose 
products are toxic to cells and may or may not alter or kill the cells. 

It is a further object of the present invention to provide a recombmant viruses whose 
genomes are derived from but not limited to human immunodeficiency virus (HIV), Human T 
5 Lymphotropic Virus type I or II (HTLV), simian immunodeficiency virus (SIV), simian 
sarcoma virus (SSV), Rous sarcoma virus (RSV), caprine arthritis-encephalitis virus (CAEV), 
murine leukemia virus (MLV), avian leukemia virus (ALV), bovine leukemia virus (BLV), 
feline immunodeficiency virus (FIV), equine infectious anemia virus (EAIV), and endogenous 
retroviruses (ERV), including human endogenous retroviruses (HERV) which would use the 
10 replication strategy of this invention. 

It is a further object of the present invention to provide host cells carrying the viruses, 
transposons and their vectors capable of expressing one or more nucleic acid sequences or 
genes and supporting the replication of such sequences or genes. 

It is a further object of the present invention to provide tissue culture cells allowing 
15 generation of high titer virus stock by growing the cells transfected with the viral construct and 
allowing the virus to spread. 

It is a further object of the present invention to provide a method for selection of 
viruses, transposons and their vectors for better replication including the use of marker gene 
transfer. 

20 It is also an object of the present invention to provide methods for viruses, transposons 

and their vectors to transfer nucleic acid sequences into broad range of organisms or host cells 
of vertebrates, particularly humans both in vitro and in vivo . 

It is also an object of the present invention to provide a means of generating transgenic 
animals. 

25 It is a further object of the present invention to provide transgenic animals carrying the 

recombinant virus in at least one cell and capable of supporting the replication of thereof 

It is a further object of the present invention to provide methods for preventing and 
treating various diseases by gene transfer and vaccination and transfer of virus or vector 
harboring a nucleic acid sequence of interest to vertebrate hosts, preferably humans. 

30 It is a further object of the present invention to provide methods for diagnostics of 

various diseases including but not limited to tumor cells or cells infected with other viruses. 



7 
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These and other objects of the invention will become apparent by reference to certain" 
examples, which are included herein for purpose of illustration and are not intended to be 
limiting. 



5 BRIEF DESCRIPTION OF THE DRAWINGS 



Fig. 1 illustrates a retroviral genome having an ori sequence derived from a DNA virus. 
Fig. 2 illustrates an HIV having ori and large T antigen sequences derived from SV40. 
Fig. 3 illustrates retroviral replication that can occur without integration. 
10 Fig. 4 illustrates growth kinetics of viruses at different passages. 

Fig. 5 illustrates growth kinetics of viruses with opposite orientation of the SV40 origin. 
Fig. 6 illustrates nucleotide sequence of two LTR circle junctions. 

Fig. 7 illustrates that 293T and 293 cells can support replication of the SV40 containing. MLV. 
Fig. 8 illustrates that 293T cells can be re-infected using virus produced by 293T cells. 
15 Fig. 9 illustrates that wild-type amphotropic MLV but not pVIT406 productively infects CVl 
cells. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Accordingly, the present invention is directed to a polynucleotide construct comprising 
20 retroviral sequences encoding at least one long terminal repeat (LTR) of a retroviral genome 
and can contain an ori, the retroviral sequences including one or more mutations that 
effectively disable the process of integration of viral DNA into host chromosomal DNA. 
Preferably, the polynucleotide construct is a ribonucleic acid construct and contains retroviral 
sequences encoding at least the 5' and 3' LTRs of a retroviral genome. 
25 In one embodiment of the present invention, the polynucleotide construct permits the 

production of infectious virus particles from vertebrate cells that are transfected with the 
construct, the infective virus particles ultimately giving rise, in vertebrate cells infected 
therewith, to DNA molecules that are not integrated into host chromosomes but which are 
capable of extrachromosomal replication. That is, such DNA molecules are capable of 
30 replicating within the vertebrate cells infected with the infectious virus particles without 
integrating into the chromosomes of the cells. In still other embodiments, the polynucleotide 
construct is incapable either alone or in combination with helper constructs to produce 
infective virus particles. 
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The present invention contemplates polynucleotide constructs, including ribonucleic 
acid or deoxyribonucleic acid constructs, in which the retroviral sequences contained therein 
have been manipulated to disable the integration process. While this manipulation can be 
accomplished in a number of ways, a preferred way is the introduction of one or more 

5 mutations that involve an inverted repeat of at least one LTR. Altematively, the one or more 
mutations may involve an integrase gene mutation and the like. In addition to the mutated 
sequences, the construct of the invention may further comprise other retroviral genes that 
encode a capsid, enzymes such as RT or DNA polymerase, enzymes as protease, e.g., aspartyl 
protease, vural envelope, auxiliary region, or combinations of such proteins. 

10 When transfecting host cells, preferably vertebrate cells, with the polynucleotide 

constructs of the invention, host cells should preferably express a replication protein that 
supports the extrachromosomal replication of the DNA molecules that are ultimately produced 
from the reverse transcription process. Optionally, the genes encoding such replication support 
proteins can be introduced by the use of helper constructs. In certain embodiments such 

15 replication supporting protein is the large T antigen or El and E2 region of a DNA virus or any 
other DNA protein of the art capable of such function. 

Furthermore, the polynucleotide constructs preferably further comprise a foreign gene 
(foreign to the retrovirus), such as a vertebrate gene, more preferably a mammalian gene, most 
preferably a human gene. For gene therapy applications, the foreign gene is preferably one 

20 that is either defective or absent from the host, or the host's cells, to which the polynucleotide 
constructs or resulting virus particles are administered. 

In a particular embodiment of the present invention, the polynucleotide construct 
contains retroviral sequences from retroviral genomes selected from, though not limited to, 
HIV, HTLV, MLV, AMV, ALV, BLV, SSV, RSV, CAEV, SIV, HERV, ERV, EAIV, or FIV, 

25 The ori, on the other hand, may be selected from one that is found in a DNA vmis. Generally, 
the DNA virus may be selected, for example, from papova viruses or herpes viruses. Examples 
of papova viruses include, but are not Ihnited to SV40, human or bovine papilloma virus (HPV 
or BPV), polyoma vfrus (Py), and human SV40-like viruses (Dorries et al., 1994; Eisner and 
Dorries, 1992) such as BK (BKV) or JC (JCV), Examples of herpes viruses include, but are not 

30 limited to herpes simplex virus (HSV), cytomegalovirus (CMV), Epstein-Barr virus (EBV), 
varicella or chickenpox virus, herpes zoster or shingles virus. 

Thus, in a particular aspect of the invention, a polynucleotide construct is provided 
which comprises retroviral sequences encoding all the genetic elements necessary for the 

9 
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production of an infectious virus particle, including the 5' and 3' long terminal repeats (LTRs)" 
of a retroviral genome, and an ori or MME, the retroviral sequences including one or more 
mutations that effectively disable the process of integration of viral DNA into host 
chromosomal DNA. Any DNA molecules arising from a reverse transcription process 

5 involving RNA of the infectious virus particle are able to replicate within host vertebrate cells 
without integrating into the chromosomes of the cells. 

In a particular aspect of the invention, a polynucleotide construct is provided which 
comprises retroviral sequences encoding essentially all genetic elements necessary for the 
production of an infectious virus particle, including the 5' and 3' long terminal repeats (LTRs) 

10 of a retroviral genome and the retroviral sequences including one or more mutations that 
effectively disable the process of integration of viral DNA into host chromosomal DNA, but 
without ori or MME sequences which function as normal T antigen or El and/or E2 
counterparts, Furthermore in this situation the host cell is a normal cell without exogenous 
large T antigen or DNA virus' antigen serving the function of T antigen. DNA molecules 

15 arising from a reverse transcription process involving RNA of the infectious virus particle are 
able to replicate indefinitely within host vertebrate cells without integrating into the 
chromosomes of the cells. 

The present invention also contemplates a vaccine comprising retroviral sequences 
encoding all the genetic elements necessary for the production of an immunogenic virus 

20 particle, including the 5' and 3 ' long terminal repeats (LTRs) of a retroviral genome, and an ori 
or MME, the retroviral sequences including one or more mutations that effectively disable the 
process of integration of viral DNA into host chromosomal DNA. 

On inoculation of a subject, the vaccine of the present mvention provides still more 
immunogenic vims particles that can stimulate but not overwhelm an immune system of the 

25 subject, e.g., vertebrate host such as mammal, preferably a human Especially contemplated are 
vaccines that are based on a retrovirus, including but not limited to ERV, MLV, AMV, ALV, 
BLV, SSV, RSV, CAEV, fflV, HTLV, SIV, EAIV, or FIV. 

Unlike prior recombinant vaccines, the vaccines of the present invention have the 
capacity to establish a latent infection in a vertebrate host. 

30 Still other aspects of the present invention relate to cancer vaccines comprising 

retroviral sequences encoding all the genetic elements necessary for the production of an 
infectious virus particle, including the 5' and 3' long terminal repeats (LTRs) of a retroviral 
genome, and an ori or MME, the retroviral sequences including one or more mutations that 
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effectively disable the process of integration of viral DNA into host chromosomal DNA, such" 
that any DNA molecules arising from a reverse transcription process involving RNA of the 
infectious virus particle are able to replicate within selected cells of vertebrate host, without 
integrating into the chromosomes of the cells. Ideally, the cancer vaccine is administered to a 

5 host whose cells express one or more tumor markers on the cell surface. 

In a particular embodiment, the cancer vaccine comprises nucleotide sequences 
encoding a cytokine capable of stimulating the action of an immune system of the vertebrate 
host. Cytokines useful for this purpose are well known in the art and for example one can find 
a general description of them in Davis et al., (Current progress in the gene therapy of cancer. 

10 Curr Opin Oncol 1 996 Nov;8(6):499-508). 

In still other embodiments, the cancer vaccine includes a gene encoding a chemokine. 
The chemokines are a complex superfamily of small, secreted proteins that were initially 
characterized through their chemotactic effects on a variety of leucocytes. The superfamily is 
divided into families based on structural and genetic considerations and have been termed the 

15 CXC, CC, C and CX3C families. Chemokines from these families have a key role in the 
recruitment and fimction of T lymphocytes. Moreover, T lymphocytes have also been 
identified as a source of a number of chemokines. T lymphocytes also express most of the 
known CXC and CC chemokine receptors to an extent that depends on their state of 
activation/differentiation and/or the activating stimuli. For example, two chemokines CXCR4 

20 and CCR5, together with the regulated production of their respective ligands, appears to be 
extremely important in HIV infection. The intracellular events which mediate the effects of 
chemokines, particularly those elicited by the CC chemokine RANTES, include activation of 
botii G-protein- and protein tyrosine kinase-coupled signaling pathways. 

It should be apparent to those of ordinary skill that a variety of tumor markers may be 

25 expressed on the surface of affected cells. Such one or more tumor markers may be selected 
from the group consisting of a tumor marker for a suppressor gene mutation or the presence of 
an oncogene. For example, the suppressor gene can be p53, p73, p51, p40, or one homologous 
to ket rat gene (see for review K. Novak, All in p53 family. Nature Medicine Vol. 4, p 771, 
1998). For example, the oncogene can be c-myc, c-jun, c-fos, c-rel, c-qin, c-neu, c-src, c-abl, 

30 c-lck, c-mil/raf, c-ras, c-sis, and c-^s. 

In another embodiment the gene therapy approach can be also based on enzyme/pro- 
drug systems such as HSVtk/ganciclovir or CD/5-fluorocytosine which involves the transfer of 
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suicide genes that convert inactive pro-drugs into cytotoxic compounds. Examples of such 
approaches are known in the art can be found for example in the U.S. Pat. No. 5,691,177. 

The present invention further contemplates a polynucleotide construct comprising 
retroviral sequences encoding at least one long terminal repeat (LTR) of a retroviral genome 
5 and an origin of DNA replication, the retroviral sequences including one or more mutations 
that effectively disable the process of integration of viral DNA into host chromosomal DNA, 
the polynucleotide construct alone, on introduction into a host vertebrate cell, being incapable 
of producing infective virus particles. In particular, the polynucleotide construct of the present 
invention, upon introduction into a host vertebrate cell, along with one or more helper 
10 constructs containing retroviral genes encoding viral proteins, pemits the production of virus 
particles that are either infectious or non-infective depending on the nature or identity of the 
retroviral sequences contained in the construct and the retroviral genes contained in the one or 
more helper constructs. 

In yet another aspect of the invention, a nucleic acid is contemplated which comprises 
15 retroviral sequences and origin of DNA replication or their equivalents, in which the retrovirus 
is replication deficient. Preferably, the retrovirus is replication deficient and contains an 
additional foreign gene. Furthermore, the present invention contemplates a viral particle that 
comprises such a nucleic acid. 

In yet another aspect of the invention, a nucleic acid is contemplated which comprises 
20 retrovkal sequences with genetically altered T antigen respondmg origin of DNA replication 
sequences or their equivalents, in which the retrovirus is replication deficient. Preferably, the 
retrovirus is replication deficient and contains an additional foreign gene. Furthermore, the 
present invention contemplates a viral particle that comprises such a nucleic acid. 

The nucleic acids of the present mvention are usefiil in a variety of applications 
25 including the introduction of one ore more nucleic acid sequences into a host cell, subject, or 
patient, who may benefit fi-om the expression product of the nucleic acid sequence. The nucleic 
acid can be introduced by conventional means or via a virus particle comprising same. On 
mtroduction of the nucleic acid, virus particle, or other vehicle the expression product of same 
has the potential for preventing, diagnosing, or treating a particular condition in the cell, 
30 subject, or human patient 

Of particular interest is the production of transgenic animals via the nucleic acid 
constructs, viral particles, or other vehicles of gene introduction of the present invention. 
Preferably, the animal host chosen as the recipient of the foreign gene, preferably a human 
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gene, can support replication of the virus of the present invention. More preferably, the animaT 
host can support replication of the virus only in certain specific cells. 

Other methods, which are apparent to those of ordinary skill in the art, having 
considered the disclosure provided herein, include a method of providing gene therapy to an 

5 individual comprising the introduction of a desired nucleic acid sequence into a host cell or an 
individual. The introduction is most convenientiy effected by infecting a host cell or individual 
with a viral particle according to the present invention. 

Still other methods may include a method of providing diagnostics for the presence of 
tumor cells or cells infected with a DNA virus in an individual, which method comprises 

10 infecting a host cell in vitro or an individual in vivo with a viral particle of the invention and 
observing any changes in the phenotype or genotype of the cell or individual consistent with 
the presence of the tumor cells or cells infected with a DNA virus. 

In order that the invention herein described may be more fully understood, the 
following detailed description is set forth. This invention relates to recombinant viruses and 

15 their vectors capable of transferring nucleic acid sequences into broad range of host cells and 
animals and replicate by a novel mechanism. In general, as shown in Fig. 1, the genome of 
recombinant viruses and vectors of this invention comprise of a capsid region, enzyme region, 
including but not limited to pol region of retroviruses (encoding protease, reverse transcriptase 
and mtegrase), an env region or surface region, and an origin of DNA replication and a 

20 replication supporting protein which can use such origin, or the functional equivalents of 
thereof. More specifically, as shown in Fig. 3, the recombinant virus comprises but is not 
limited to at least one LTR, gag, pol, env and other genes of human immunodeficiency virus 
type (HFV) and ori and large T antigen of simian virus 40 (SV40). The ori and large T antigen 
sequences of SV40 can be replaced (but is not limited) by the equivalents from BK virus 

25 (BKV), JC virus (JCV), herpes simplex virus (HSV) or papillomavirus like HPV or BPV. The 
recombinant viruses are capable of carrying the nucleic acids sequences of interest, infect and 
replicate efficiently in broad range of cells and animals without the necessity of integrating into 
the host genome. The viruses of this invention also can be replication defective. 

Gag, Pol, and Env in Fig. 1 are retroviral genes, which encode the structural proteins 

30 that form the viral particle. The gag, pol, and env regions of the virus can be derived from any 
retrovirus including but not limited to HTV, SIV and MLV. These regions can encode for all or 
only parts of the gag, pol, and env genes. It also can be a chimera between different proteins. 
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although for a replication competent virus it is preferable that the sequence encodes for the 
fully functional protein. By the way of example the HIV-1 gag, pol, and env regions are used. 

LTR in Fig. 1 facilitates the retroviral replication and contams promoters and enhancers 
for transcription of the viral genome. The LTR derived from any retrovirus may be used but it 

5 is not limited to retroviral LTR. For replication competent virus the functional LTR is 
preferably used. By the way of example the HTV-l LTR region is used. 

The packaging signal is a region on the RNA, which encodes signal for RNA 
packaging mto tiie viral particles. The appropriate viral packaging signal may be used. Other 
genes and elements includmg but not limited to Rev, RRE, Tat, Vif, Nef, capsid, protease, 

10 polymerase, surface or env proteins and gene X may be used in viruses of this invention. 

Origin of DNA replication (ori) in Fig. 1, is a sequence allowing double-stranded DNA 
to be replicated. It is usually recognized by the replication-associated proteins like large T 
antigen. The ori elements mcluding but not hmited to papovaviruses may be used. By the way 
of example tiie SV40 ori is used. 

15 The major early viral replication protein, like large T antigen in Fig. 2, or El and E2 

proteins are proteins which recognize the ori or MME and together v^th die host enzymes, 
initiate DNA replication. The large T antigen of papovaviruses may be used, altiiough viral 
replication proteins from DNA viruses like, but not lunited to, papilloma or other than 
papovaviruses also may be used. By tiie way of example tiie SV 40 large T antigen is used. 

20 One skilled in tiie art will also recognize that virtually any nucleotide sequences of any virus or 
tiansposon but witiiout any native ori and any replication protein from virtually any genome 
may be used. Conventional metiiodology including but not limited to molecular biology 
techniques known to fliose skilled in tiie art can be used to generate viruses of tiiis invention. 
In one embodiment tiie recombinant viruses, transposons and tiieir vectors use a novel 

25 strategy of replication amplifying the DNA intermediate as extrachromosomal DNA. Foreign 
genes derived from any source, whose expression m the host is desired, are incorporated into 
flie viral genome and are designated as Q. These genes may be used for preventive tiierapeutic 
purposes, as markers, vaccines or for other fimctions. 

In another embodiment, tiie MLV is used to generate tiie recombinant retrovirus of tiie 

30 invention and the ori of polyomavirus may be inserted. In a preferred embodiment, the foreign 
nucleic acids of interest are inserted downstream tiie env gene. The polyoma large T antigen 
may be provided in trans. 
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Another aspect of the present invention is to provide viruses, transposons or a vector," 
which is capable of repUcation via lytic cycle. 

Another aspect of the present invention is to provide viruses, transposons or a vector, 
which is capable of replication via non-lytic cycle. 
5 Another aspect of the present invention is to provide a viruses, transposons and their 

vectors which are capable of replication in only certain cells in the host which include but are 
not limited to cancer cells causally linked to another virus such as SV40 and papilloma virus. 

Another aspect of the present invention is to provide a transgenic animal in which only 
certain cells can support replication of the virus of this mvention and can be altered or 
10 destroyed by thereby. These animals may be used but are not limited to study of disease and 
evaluation of therapies and vaccination. 

Another aspect of the present invention is to provide a method for altering the retroviral 
integrase protein or function or the inverted repeat (IR) found on the tips of linear retroviral 
DNA intermediate, or virtually an part of viral genome to enhance the circularization of vural 
15 DNA molecule and to attenuate or abolish the integration process. This may include, but is not 
lunited to RT and RNAse H. 

Another aspect of the present invention is to provide a method for altering the retroviral 
and retrotransposon reverse transcription process to enhance the formation of the circular DNA 
molecules. 

20 Another aspect of the present invention is to provide a method for using the 

recombinant vectors to transfer one or more nucleic acids sequences of interest to a broad 
range of host species and their cells, which may include but is not limited to use of 
amphotropic envelope or envelopes of other viruses like but not limited to vesicular stomatitis 
virus G (VSV-G). Once inside the cell, the recombinant virus (vector) make a DNA copy of 

25 viral genome which is circularized and stably replicated as episome and can be expressed in 
the host cell. 

Another aspect of the present invention is to provide a method for using a useful 
property of the retrovirus or retroviral vector; the ability to replicate m the easily maintained 
cells e.g. tissue culture cells allowing generation of high titer virus stock by growing the cells 
30 transfected with the viral construct and allowing the virus to spread. 

The recombinant virus of the invention may be directly introduced into host cells or 
may be inserted into a plasmid or other construct, which is then inserted into a host cell. For 
example the viruses of the invention may be cloned into a plasmid for propagation of DNA in 
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appropriate cell. Example of the cell that might be used include but are not limited to 
Escherichia coli. It will be also understood to those skilled in the art that the plasmid carrying 
the recombinant virus DNA should contain additional elements necessary for transfer and 
subsequent replication and selection of the construct in the host system. 
5 Another aspect of this invention is to provide host cell in which the recombinant virus 

or vector containing ail or part of the nucleic acid sequences of interest can be propagated. The 
host cells containing the recombinant virus of this invention include but are not limited to 
vertebrates such as mice, monkey and humans. The host cells may be used to produce viruses 
or viral vector stocks. 

10 In another aspect of this invention the recombinant viruses or vectors of this invention 

may be used to transfer nucleic acid of interest for therapeutic purposes in humans or in other 
mammals in need of gene therapy. The viruses may be administered to animal or individual in 
need of such therapy in a variety of ways. Viruses from host cells which release the virus into 
supernatant fluid may be administered by administering the supernatant fluid or the host cells. 

15 The purified form of the virus or vector can be administered to the vertebrate in need of 
treatment alone or in the form of a pharmaceutical composition. 

Gene therapy may be also accomplished by inserting the foreign nucleic acid sequences 
of interest into the virus or vector of the invention and then introducing the virus or vector into 
the cell or organism. The infected host cell will express the desired therapeutic agent. The 

20 cells expressing the agent may be administered or unplanted in the organism or individual in 
need of therapy. 

The host cells may be from virtually any species. In one embodiment the host cells are 
taken from the individual in need of therapy. Examples of such cells include, but are not 
limited to stem cells, hematopoietic stem cells and T cells. In another embodiment the cells are 
25 from a different individual or different species. 

Means of administering the host cells containing the recombinant virus or vector of the 
invention include but are not limited to, intravenous, intramuscular, intralesional, subcutaneous 
or intraperitoneal injection or implantation. Alternatively the cells containing the virus may be 
administered locally by topical application, direct injection into an affected area or by 
30 implantation of a porous device containing cells from the host or another species which contain 
and express the virus or vector or the protein of interest. 

Examples of diseases that might be suitable for gene therapy include but are not limited 
to viral diseases, neurological disorders, coronary or heart problems, and/or cancer. 
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In yet another aspect of the invention, the recombinant virus or vector can be used to 
generate transgenic animal carrying the virus in at least one cell. It may be mtroduced into an 
animal at an embryonic stage. Examples of the animals into which the vhus can be introduced 
include, but are not limited to non-human primates, dogs, cats, cows, sheep, horses, mice, rats 
5 or other rodents. Such animals may be used, but are not Ihnited to use as biological models for 
study of diseases, evaluation of diagnostic or therapeutic methods for disease or vaccines or to 
generate a vaccine. 

The recombinant virus or vector of this invention may be used to generate transgenic 
animals with or without additional foreign nucleic acid sequences. 

10 It is further aspect of the invention to use the recombinant viruses or vectors to deliver a 

prophylactic or therapeutic vaccine for a wide variety of vertebrates and particularly for human 
diseases. Thus, the term vaccine as used herein means both prophylactic or preventive 
modality as well as therapeutic modality. A prophylactic immunization is provided in advance 
of any evidence of the disease and serves to prevent or attenuate the disease. When provided 

15 therapeutically, the vaccine is provided at or after diagnosis or onset of the disease to enhance 
the immune response of the patient or animal to the disease of interest and to treat or attenuate 
the disease. The vaccine, which acts as an immunogen, may be administered in virtually any 
form and into virtually any cell known to those skilled in the art. The pure form or 
substantially pure form of the virus or vector can be administered to the vertebrates in need of 

20 treatment alone or in the form of a pharmaceutical composition. 

It is further aspect of the invention to use the recombinant viruses or vectors to deliver 
the vaccines as a cancer vaccines which include, but are not limited to transfer of the virus or 
vector to the tumor cells ex vivo and then after irradiating them, administering back to the 
individual. 

25 If the individual is already afflicted with the disease the therapeutic vaccine can be 

administered in conjunction with other therapeutic treatments. 

One skilled m the art will know the parameters to determine the correct titer of particles 
to be administered. The therapy may be administered as often as necessary. The preventive 
and therapeutic methods described herein may be used alone or in conjunction with additional 

30 therapy known to those skilled in the art for the treatment of a given disease or condition. 

EXAMPLES 
Example 1. General procedure. 
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The inventor designed and constructed several viruses that are hybrids between a 
retrovirus and a small DNA virus. These hybrids use a different replication strategy in their life 
cycle. These viruses serve for the design of new vaccines against different viruses, including 
HIV, as well as for cancer vaccines and vectors for gene therapy. 

5 First step in construction of the hybrid retroviruses is to mtroduce, by PGR, unique Sfu 

I restriction site into Moloney murine leukemia virus on the plasmid pNCA (Colicelli and 
Goff, 1985) just downstream of the envelope open reading frame. The mouse polyoma (Py) 
virus on sequence is amplified by PGR on the plasmid template pHG20 (Gassmann et al., 
1995) creating DNA fragment flanked by Sfu I sites (Fig. 1). This fragment is introduced into 

10 the Sfii I sites of the modified viral DNA. The retroviral integrase gene is mutated by 
introduction of the Hind III - Sal! DNA fragment from plasmid S247 IN-, which contains the 
integrase coding region with the EcoR I linker insertion rendering the integrase protein inactive 
and viral replication deficient (Lobel and Goff, 1984; Roth et al., 1990). Another mutation is 
introduced, by PGR, into the inverted repeat (IR), which is found on the tip of the 3U LTR of 

15 the preintegrative linear viral DNA (see Fig. 2). This sequence, recognized by integrase, is 
required for viral replication (Murphy et al., 1993; Muiphy and Goff, 1992; Reicin et al., 
1995). The resulting plasmid is then purified, verified by restriction analysis, sequenced, and 
finally transfected into MOP-8 cells (ATGG # GRL-1709) (Muller et al., 1984), This mouse 
cell line stably expresses the polyoma large T antigen, the only protein required for successful 

20 polyoma repHcation or maintenance of the plasmid harboring the Py ori (Gassmann et al., 
1995). After transfection, viral growth is monitored by measuring the endogenous RT activity 
in the medium. The presence of the polyoma ori sequences is also monitored by PGR 
amplification of the viral cDNA followed by agarose gel electrophoresis. 

The virus stock is used to infect fresh MOP-8 cells. The cell-free virus is usually 

25 passaged three times. Throughout these passages, it maintained the ori sequences, the linker 
inserted into the integrase region, and the IR mutation. Even one of the mutations introduced 
into the virus, either the one in retroviral integrase or the one in IR, inhibits integration and 
viral replication (Murphy et al., 1993; Murphy and Goff, 1992; Roth et al., 1990). Integration 
of the retrovirus harboring the ori sequence into chromosome of the cell expressing the large T 

30 antigen is an event leading to cell death (Gole, 1996). Therefore, the maintenance of the ori in 
the virus and both introduced mutations, in integrase and in IR, would suggest that the virus 
replicates without integration and uses the extrachromosomal DNA as its replication 
intermediate in the infected cell. 
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The experiments are earned out in three steps: 

1) Construction of the hybrid virus 

2) Cell transfection and testing 

3) Virus passage, viral growth kinetics, and its characterization. 

5 1) MLV derivative with the SV40 ori and with an amphotropic envelope is 

constructed. The construction of this hybrid virus requires reagents that are readily available 
and are used in prior constructs. The origin of DNA replication from SV40 (nucleotide 
position on SV40 genome 5171-133) is amplified by PCR from the plasmid template 
pSV2NE0 (Southern and Berg, 1982), and at the same time Sfu I sites flanking the ori is 

10 introduced using oligonucleotide VLSI 5U- 

CCCCCTTCGAAGCTTTTTGCAAAAGCCTAGGCC-3U and VLS2 5U- 
CCCCCTTCGAAGCATGCATCTCAATTAGTCAGC-3U. This DNA fragment is cut with 
Sfii I, gel purified and cloned into the unique Sfu I site of the plasmid pVIT550 this plasmid 
harbors the mutations in the IR sequence and integrase gene (see Fig. 2). The DNA fragment 

15 Sal I-Cla I, containing MLV amphotrophic envelope lOAl, from plasmid pRRlSl (Ott et al., 
1990), is introduced into the plasmid containing MLV and the SV40 ori. The linker insertion 
mutation in the integrase coding region is introduced by replacing the fragment Sal I-Sac II 
from the mutant virus with the corresponding fragment from the plasmid S247 IN- (Roth et al., 
1990). 

20 A plasmid with a control virus is also constructed; this plasmid harbors the same 

sequences as the previously described one with the exception diat the SV40 ori is cloned into 
the vector sequences and outside the viral sequences. For this purpose, the SV40 ori is 
amplified and the EcoR I site is introduced into the amplified DNA by PCR using 
oligonucleotide 

25 VLS3 5U-CCCCGAATTCAAGCnnTGCAAAAGCCTAGGCC-3U and 

VLS4 5U-CCCCGAATTCGCATGCATCTCAATTAGTCAGC-3U. The resulting EcoR I 
fragment is cloned into the EcoR I site, which is upstream the retroviral sequence. This 
plasmid DNA replicates in the cells after transfection, just like the previously described 
plasmid, but does not give rise to any infectious viruses because the ori sequence is not 

30 maintained within the virus. The previously constructed MLV containing the Py ori, mutation 
in integrase, and IR is used as another control. Finally, a similar virus with no ori is used as 
another control virus as well. All plasmids containing these control vmises do not give rise to 
infectious particles, because the viruses they encode are integration-defective and cannot 



wo 99/09139 PCT/US98/16818 

replicate via an extrachromosomal DNA intermediate. Alternatively, retroviruses comprising " 
HIV or SIV with the SV40 ori are constructed and used as in above disclosed manipulations. 

2) The 293T cells, which stably express SV40 large T antigen (Pear et al., 1993), are 
transfected with plasmid DNA containing the modified viruses by the calcium phosphate 

5 method. Appearance of virus in the medium is monitored, at different time points, by standard 
reverse transcriptase assay of the cell-free culture medium (Telesnitsky et al., 1995). 

Alternatively, transfected cells are co-cultivated with C0S7 cells (Gluzman, 1981). 
These are monkey cells that stably express SV40 large T antigen and support replication of 
plasmids carrying the SV40 ori. Such plasmids replicate to very high copy numbers and to 

10 levels that far exceed those of the same plasmids in human cells expressing SV40 large T 
antigen (Chittenden et al., 1991). Therefore, the C0S7 cells are producing more of virus. 
Another way to produce the hybrid retroviruses is to transfect the plasmid DNA into Jurkat/T- 
ag, H9/T-ag and CEM/T-ag. These are human CD4+ T-cell lines that stably express SV40 
large T antigen, and are used as alternative means for virus production. These cells are also 

1 5 co-cultivated with the C0S7 cells to increase viral production. 

As a control, the 293 cells (Graham et al., 1977) (parental cell Une of the 293T that 
does not express T antigen) are transfected with the constructed plasmids. Although these cells 
transiently produce the virus they do not replicate the plasmid DNA or support productive viral 
infection. As another control, both cell lines (293 and 293T) are transfected with the panel of 

20 control viruses described earlier (with SV40 or Py ori, with ori outside the viral sequences or 
without ori). All the control viruses are replication deficient in both cell lines. When T-cell 
lines are used then their respective parental cell lines serve as appropriate control cells. 

Transfected cells are harvested at one day intervals, and the small cellular DNA is 
extracted by Hirt method and subjected to DNA blot analysis using DNA probes spanning the 

25 MLV sequence and also SV40 ori sequence. The donor plasmid DNA is about llkb long. 
After the virus initiates infection, the DNA blot from later time points accumulates faster 
migrating DNA band of about 8kb, representing the two-LTR circular viral DNA. This circular 
molecule is shorter because it is missing the plasmid vector sequences, which are lost during 
retrovirus replication (see Fig. 3). In the alternative approach, the single-LTR and double-LTR 

30 circular DNA viral molecules are analyzed by restriction digest with enzymes whose 
recognition sites flank the LTR region, followed by Southem blot analyses (Wiskerchen and 
Muesing, 1995). 
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3) The viruses produced after transfection are used to infect fresh cells. The hybrid" 
retroviruses might require adaptation for the new replication life style. The genome of 
retroviruses mutates at relatively high frequency. This high mutation rate is mainly due to the 
reverse transcription step, which is known to be an error prone process (Katz and Skalka, 
5 1990). These hybrid viruses would be expected to go through a selection process in which the 
faster replicating viruses would overgrow the initial viral population (Barsov and Hughes, 
1996). Most genetic changes would be expected to occur in the integrase coding region, 
inverted repeat, and perhaps also reverse transcriptase. 

The approximate multiplicity of infection (MOl) for the initial experiments is between 

10 0.1 and 0.5. This relatively high MOI is used mitially so as to assure that there are enough cells 
infected with viruses in the culture to give rise to infectious virions. The MOI is then slowly 
decreased at every passage to allow for progressively more stringent selection for the faster 
replicating viruses. To monitor this selection process, the cell supernatant samples are 
collected at different times during virus growth in subsequent viral passages, and the viral 

15 growth kinetics are compared using the RT assay. Fresh 293T cells are infected with the 
supernatant from previous viral infection. This procedure is repeated three to four times. The 
viral kinetics is then compared with that of wild-type MLV. 

The viruses replicating in the 293T cells are tested for several characteristics. DNA blot 
analysis is used to monitor the formation of the two LTR circular molecules and comparing 

20 their abundance with that of linear viral DNA. This experiment allows to test possibility that 
viral integrase would adapt to enhance the formation of the two LTR circles to allow for better 
virus replication. The maintenance of the integrase linker insertion in subsequent passages is 
monitored by restriction analysis followed by DNA blot analysis. Altematively, to test for the 
linker insertion, the viral cDNA is amplified by PGR, then cut with restriction enzymes, and 

25 analyzed by agarose gel electrophoresis (Lauennann and Boeke, 1997). The maintenance or 
any changes in the inverted repeat sequence is also monitored. The viral DNA spanning the 
LTR-LTR junction region are amplified by PGR using the appropriate primers and dkectly 
sequenced by fluorescent dideoxy IBl sequencing method. Altematively, the PGR product is 
first cloned into the plasmid, by using the AT cloning kit, and then several plasmids are 

30 sequenced. The average copy number of the extrachromosomal retroviral circular DNA in the 
293T ceils is determined and compared with the number in the C0S7 cells. For this, the total 
DNA is extracted from the cells and analyzed by DNA blot analysis. Two DNA probes are 
xised: one from the viral sequence spanning the LTR-LTR junction, representing the circular 
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viral DNA, and one that hybridizes to a single copy cellular sequence like actin gene. As a' 
control, cells infected with wild-type MLV, which integrates prevalently as a single copy into 
the genome, are used. The intensity of detected bands on the blot is quantified by IBI Phospho 
Imager. After the DNA probes have been standardized for their relative intensity, the ratio of a 
5 single cellular gene signal compared with the signal obtained from the viral DNA represents an 
" average copy number of the circular viral DNA in the cell culture population. 

Example 2. Non-integrating HIV replicating via DNA episome. 

In order to investigate directly the ability of a lentivirus to replicate without integration 

10 into the host genome the HIV-1 LAI virus harboring the SV40 on in place of part of nef gene 
upstream the polypurine tract (PPT) is constructed. The system where the major early 
replication protein, large T antigen form SV40 is provided in trans is developed. In tiiis 
system human T cell lines CEM, H9 and Jurkat are transfected with construct expressing large 
T antigen and further selected for stable expression of thereof The cells are maintained in 

15 RPMI 1640 medium supplemented with 10% fetal bovine serum, penicillin and streptomycin. 
The human cells 293 are transfected with the nucleic acid of the above viral construct. The 
293 produced virus is used to infect the CEM, H9 and Jurkat cells stably expressing T-antigen 
and the viral growth is monitored by in vitro reverse transcriptase (RT) assay. 

20 Example 3 . Non-integrating HIV self replicating via DNA episome. 

The HIV-1 LAI virus harboring SV40 ori and large T-antigen upstream the 3U LTR 
and a partial nef deletion is constructed. The virus contains the integrase protem in which the 
critical amino acid residues in the catalytic domain are mutated rendering it integration 
defective. The virus is able to infect susceptible cells. Followed reverse transcription and 

25 circularization of its cDNA the viral nucleic acid is mamtained in the cell as extrachromosomal 
DNA. This DNA is a template for newly synthesized viral RNA, which after synthesis of viral 
proteins gives rise to a new mfectious virions or virus particles. 

Example 4. Non-integrating Moloney murine leukemia virus (MoMLV) replicating via 
30 DNA episome. 

In order to investigate directiy the ability of a mouse virus to replicate without 
integration into the host genome the MoMLV harboring the polyoma replication ori sequence 
downstream of the env gene and upstream the PPT inserted into the Bst BI site which is 

22 
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introduced by PGR is constructed. The cell line where the major early replication protein, 
large T antigen from mouse polyoma virus is provided in trans is used. The nucleic acid of 
MoMLV described above is transfected into the MOP-8 cell line expressmg polyoma large T 
antigen by electroporation and the resulting viral growth is monitored. 

5 

Example 5. Infection and specific killing of cells expressing major early SV40 protem. 

The MoMLV harboring the SV40 ori sequence downstream of the env gene and 
upstream the PPT inserted into the Bst BI site described in example 3 is constructed. After 
transfection into producer cells NIH 3T3 the resulting virus from the supernatant is used to 
10 mfect monkey C0S7 cells (those cells stably express the SV40 large T antigen), which are 
engineered to stably express the MoMLV receptor protein. Hence rendering them susceptible 
to the infection by MoMLV virus particles. The cell death is monitored visually under the 
microscope every day. The amount of DNA episome containing the MoMLV sequence in the 
cell culture is monitored by Southern blot analysis using the MoMLV sequence as a probe. 

15 

Example 6. Cancer vaccine or infection and unmunization of mice with non-integrating 
MoMLV replicating via DNA episome. 

The MoMLV harboring the polyoma virus ori described above is used to infect 
transgenic mice expressing the polyoma virus large T antigen. The mice is then challenged 

20 with wild-type MoMLV virus, which causes leukemia in about 8 month after inoculation. The 
mice immunized with the non-integrating virus are protected against the challenge with the 
wild-type virus. Yet another way of providing gene therapy is to introduce into a host with a 
tumor expressing mutated suppressor cancer gene such as p53 a recombinant virus of the 
instant invention carrying fimctional p53, which would then express and suppress the 

25 tumorigenic process. 

Example 7. Gene therapy or specific killing of only cells expressing the papillomavirus 
and method of makmg packagmg cells. 

The MVL replication defective vector containing a papillomavirus ori and a toxic gene, 
30 under the control of a papillomavirus promoter, is used to transfect the packaging cell line 
containing the amphotropic helper virus. Methods of how obtainmg such packaging cells lines 
are well known in the art and one can use an approach as disclosed in the U.S. Pat. 
No.5,766,945. This helper virus has altered integrase protein so it cannot integrate the vector 
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sequences into the recipient cell chromosome. The resulting viral stock is used to locally infect 
the patient with a cervical cancer caused by the papillomavirus. The vector infects randomly 
cancer cells and neighboring normal cells. However, it can only replicate in the cancer cells, 
which can support, after circularization, the DNA replication of the vector. The toxic gene is 
5 expressed and specifically kills only the tumor cells. The examples of toxic genes are found for 
example in U.S. Pat. Nos. 5,691,177 or 5,652,130. 

Example 8. Diagnosis of human tumor cells transformed by papillomavirus. 

The MVL vector containing papillomavhois ori, of a specific human papillomavirus 

10 type, and the marker gene, under the control of a papillomavirus promoter, is used to transfect 
the packaging cell line containing the amphotropic helper virus. The resulting virus is used to 
infect the cervical patient material in vitro. If the tested cells are positive for the specific type 
of the papillomavirus this will support the replication of thereof and the expressed marker gene 
will allow for the visual diagnosis of the tested cells. Thus, one skilled in the art, can identify 

1 5 papilloma virus-caused squamous carcinoma cells in a cervical biopsy of a patient suspected to 
have such a tumor. For this purpose the biopsy sample cells are infected with a polynucleotide 
construct containing an ori which is dependent on DNA replication protein of papilloma virus 
expressed by carcinoma cells. The polynucleotide construct may further comprise a marker 
enzyme such as peroxidase. Upon addition of peroxidase substrate onto cells of interest those 

20 that express the enzyme will identified as carcinoma cells. 

Example 9. Transgenic animal expressing episomally replicating polynucleotide 
construct. 

Many cancers and immune disorders afflicting humans are associated with retroviral 

25 expression. The real reason and mechanism of these phenomena is not well known. A 

transgenic animal model helps to find optunal treatment and prevention modalities in humans 

and other ammals. Transgenic mouse is produced herem by transferring the construct of 

interest into embryonic stem cell, or fertilized oocyte, which is then reimplanted into female 

foster-mother recipient according to standard methods, e.g., method disclosed in U.S. Pat. No. 

30 4,396,60 1 . As a result of a such experimentation, a few mice are bom, carrying and expressing 

the gene of interest in all tissues. The tissues, i.e., fibroblasts, fi-om these mice are also useful 

as they grow in tissue culture and thus provide an in vitro model as well. Thus, such a 

transgenic mouse is also a source of cell lines expressing episomal construct. Other transgenic 
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animals, e.g., rats, rabbits as well as insects can be made according to standard procedures well 
known to those skilled in the art. Transgenic plants, e.g., potato, tobacco, banana, etc., can also 
be made according to standard procedures well known to those skilled in the art. 

Example 10. The growth kinetics of viruses at different passages. 

5 The amphotropic MLV containing SV40 ori, pVIT406, as well as wild-type 

amphotropic MLV(lOAl) are propagated on C0S7 cells. The viral supematants from 
individual passages are collected and stored at -80°C. Following passage 24 viral supematants 
from all passages are used to infect C0S7 cells, to elhninate possible effect of storage on virus 
viability. After 12 days the cell culture supematants are assayed for RT activity and cell free 

10 medium containing equal amount of RT activity (approximately equivalent to multiplicity of 
infection (MOI) 0.01) is used to infect fresh C0S7 cells. Cell culture medium is collected at 
time point indicated and assayed at the end of the experiment. Cells are generally split 1: 6 
every 5-7 days. RT assay is performed as described elsewhere. lOAl - wild-type amphotropic 
MLV; P5 - passage 5; 406 - pVIT406 (amphotropic MLV with SV40 origin, disabled integrase 

1 5 and mutated inverted repeat in the LTR) (Fig. 4). 

Example 1 1 . The growth kinetics of viruses with opposite orientation of the SV40 origin 
Kinetics of virus replication is compared by infecting C0S7 cells. CVl cells served as 
negative control for virus replication. The experimental setup is as in Example 10. 404 - 
20 pVIT404 vmis with SV40 origin in orientation such as the late transcription (large T-ag 
induced) is in opposite orientation than the retroviral one; 406 - same virus as above except 
the SV40 origm is in opposite orientation i.e. the SV40 origm late transcription is same as the 
retroviral one; P14 - passage 14. The virus 404 has consistently slower growth kinetics in all 
passages. The kinetics of viruses with opposite origin orientation at passage 14 is shown (Fig. 
25 5). 

Example 12. Nucleotide sequence of two LTR circle junctions. 

DNA from cells infected with ori-containing MLV is prepared as described elsewhere. 

The PCR products are separated on agarose gel, purified and coned into plasmid using 5 

30 Prime-3 Prime PCR Cloner Cloning Kit The resulting plasmids are analyzed and clones with 

appropriate size inserts sequenced using IBI fluorescent automated system. Nucleotides 

representing the ends of viral DNA are aligned. Extra nucleotides between two LTR, of 

unknown origm, are shown and separated from the ends of linear DNA by gaps. The 
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nucleotides, which mutated from the starting viral clone sequence are underlined. WT - wild 
type MLV; SMC - MLV molecular clone used for initial infection; 1-2 pVIT404 passage 20; 
3-11 pVIT406 passage 20; 12-19 pVIT406 passage 21;U5, U3 opposite ends of 3U and 5U 
LTR respectively. The terminal nucleotides which are removed by mtegrase prior integration 
5 and nucleotides mutated in the starting viral molecular clones are shown in Fig. 6. 



Example 13. 293T and 293 cells can support replication of the SV40 containing MLV. 
293 cells are infected as negative control experiment for the hybrid viral replication. 
These cells are transiently infected but would neither support productive infection nor produce 

10 any particles that could be passaged on fresh 293 cells. These cells are monitored for infection 
by DNA blot analysis, which allows one to follow the maintenance or disappearance of the 
retroviral DNA. After extensive passage of these infected 293 cells, the integrated viral DNA 
is examined by DNA blot analysis. This integrated DNA is usually not present. The positive 
control for this experiment is the wild-type amphotropic MLV, which infects human cells with 

15 relatively high eflBciency and integrates into their genome. 293 and 293T cells are infected 
with pVIT406 viral supernatant from passage 20 or mock infected as control. 293 cells devoid 
of T antigen can support the replication of new retroviral constructs (see small peaks around 
day 20). Viruses from these peaks are collected and analyzed by PGR. When standard RT 
assay is not sensitive enough to detect the RT activity of the viruses produced into the medium, 

20 the PCR-based RT (PBRT) assay, a very sensitive test that is developed to detect very low 
amounts of reverse transcriptase activity in the medium, is used (Maduru and Peden, 1997). 
The results reveal that despite apparent lack of replication by a standard RT analysis more 
sensitive PGR analysis indicates genuine viral replication. Experimental design as in Example 
10 and results are shown in Fig. 7, 

25 

Example 14. 293T cells can be re-infected using virus produced by 293T cells. 

Gell free virus from time point at day 18 (from Fig. 4) from 293 is used to infect fresh 
293 and from 293T is used to infect fresh 293T cells at relatively high MOI of 0.1. It appears 
that only virus from culture supematants from 293T cells (293T 406/7) give rise to productive 
30 infection of fresh cells. However, more sensitive analysis by the PGR-based RT (PBRT) assay, 
a very sensitive test that is developed to detect very low amounts of reverse transcriptase 
activity in the medium (Maduru and Peden, 1997) reveals that some of the virus (293 406/7) 
can replicate episomally even in T antigen devoid 293 cells (Fig. 8). 



wo 99/09139 



PCT/US98/16818 



Example 15. Wild-type amphotropic MLV but not pVIT406 productively infects CVl 

cells. 

CVl cells do not contain SV40 large T antigen. It is a parental cell line for C0S7 line. 
5 CVl cells are infected with pVIT406 from passage 25 or with wild-type amphotropic 
MLV(lOAl) at MOI 0.1. Only lOAl virus is able to establish productive infection. lOAl 
retroviral env protein is commonly used to make amphotropic retroviruses and for detailed 
description of the methodology one can consult U.S. Pat. No. 5,766,945. Experimental design 
as in Example 1 0 and results are shown in Fig. 9. 

10 

Example 16. The sequence of viral integrase demonstrates that new constructs are not 
capable to integrate into the host genome. 

The viral DNA is extracted from COS? cells infected with pVIT406 virus, passage 20. 
The mtegrase sequence is PGR amplified using multiple sets of primer pairs spanning the 
15 integrase gene and directly sequences using IBI fluorescent automated sequencmg system. The 
integrase gene after 20 passages contains multiple conservative and non-conservative amino 
acid changes. It also possesses the Eco RI Imker insertion. 

Example 17. Regulatory elements other than SV40 elements provide stable episomal 
20 replication. 

Regulatory elements allowing stable episomal replication such as El and E2 and MME 
from BPV are described by others (Piirsoo et al., 1996) and they support the principle that for 
example HIV-1 LAI virus constructs harboring and/or responding to such elements can 
replicate in hosts cells such as human cells lacking SV40 regulatory elements. In this system 

25 human 293 cell Ime expressing El and E2 is transfected with a construct additionally 
containing upstream regulatory region (URR) including E2-dependent transcriptional enhancer 
or minimal origin of replication (MO) and a part of open reading firame (ORE) or alternatively 
with MME only which is found within URR with or without MO. Some of these constructs 
replicate with efficiency similar to constructs dependent on SV40-containing and/or 

30 responding elements. The stable episomal replication is tested by a serial passaging method as 
described in above examples. It is thus evident that previously described constructs lacking 
SV40 elements are able replicate in host cells due to a mechanism that is similar in principle to 
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MME-dependent replication maintenance machinery which means that additional, previously" 
unrecognized episomal replication-controlling elements do exist. 

It will be apparent to those skilled in the art that the examples and embodiments 
5 described herein are by way of illustration and not limitation, and that other examples may be 
used without departing from the spirit and scope of the present invention, as set forth in the 
appended claims. 
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WHAT IS CLAIMED IS: 

1. An episomally replicating polynucleotide construct comprising retroviral sequences 
encoding at least one LTR of a retroviral genome, said retroviral sequences further comprising 
one or more mutations that disable the integration of said construct into host chromosomal DNA, 

5 said construct further having the capacity to replicate via reverse transcription, provided that any 
reverse transcription product obtained from such reverse transcription is also disabled from 
integrating into host chromosomal DNA. 

2. The polynucleotide construct of claim 1 in which said retroviral sequences further 
comprise the 5' and 3' LTRs. 

10 3. The polynucleotide construct of claim 1 in which said retroviral genome is selected 

from the group consisting of HIV, HTLV, MLV, AMV, ALV, BLV, SSV, RSV, CAEV, SIV, 
ERV,EAIVandFIV. 

4. The polynucleotide construct of claim 1 in which said retroviral sequences further 
comprise an origin of DNA replication. 
15 5. The polynucleotide construct of clahn 4 in which said origin of DNA replication is one 

found in a DNA virus. 

6. The polynucleotide construct of claim 5 in which said DNA virus is selected from the 
group consisting of papova viruses or herpes viruses. 

7. The polynucleotide construct of claim 1 in wiiich said one or more mutations are within 
20 an inverted repeat of a LTR or an integrase. 

8. The polynucleotide construct of claim 1 which further comprises a capsid, polymerase, 
protease, integrase, envelope, auxiliary region, or combinations of same, 

9. The polynucleotide construct of claim 1 which further comprises a foreign gene. 

10. The polynucleotide construct of claim 9 in which said foreign gene is a vertebrate 

25 gene. 

11. The polynucleotide construct of claim 9 in which said foreign gene is either defective 
or absent from a host cell. 

12. The polynucleotide construct of claim 1 which in combination with retroviral genes 
carried by one or more helper constructs encodes integration defective infectious or non-infectious 

30 virions replicating in a host cell via episomes. 

13. The transgenic animal, insect or plant containing at least one cell carrying the 
polynucleotide construct of claim 1. 

14. A recombinant retrovirus comprising all the genetic elements necessary for the 
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production of a virion, said genetic elements selected fiom the group consisting of one or more- 
LTRs and one or more mutations that disable the integration into host chromosomal DNA, said 
retrovirus being able to replicate episomally in a host cell. 

1 5. A host cell capable of supporting episomal DNA replication. 
5 1 6. The host cell of claim 1 5 which is a cell fix)m a vertebrate animal. 

17. The host cell of claim 15 which produces infectious or non-infectious recombinant 
retroviruses replicating as episomal DNA molecules. 

18. The host cell of claim 15 in which said host cell expresses a replication protein 
supporting episomal DNA replication. 

10 19. The host cell of claim 15 in which said host cell serves as a packaging cell capable of 

producing infectious or non-infectious virions. 

20, A vaccine comprising retroviral sequences encoding all the genetic elements necessary 
for the production of an immunogenic virion, including one or more LTRs, said genetic elements 
including one or more mutations that disable the integration of viral DNA into host chromosomal 

15 DNA, such that any DNA molecules arising fiom a reverse transcription step involving an RNA 
of said immunogenic virion are able to replicate episomally within host vertebrate cells. 

21, The vaccine of claim 20 in v^ch said episomal replication provides still more 
immunogenic virions that can stimulate but not overwhehn an immune system of a vertebrate 
host 

20 22. The vaccine of claim 20 in vMch said immunogenic virion is a retrovirus. 

23. The vaccine of claim 22 in which said retrovirus is selected fix)m the group consisting 
of MLV, AMV, ALV, BLV, SSV, RSV, CAEV, HIV, HTLV, SIV, ERV, EAIV, or FIV. 

24. Tbe vaccine of claim 20 which is adapted for use in a cancer patient 

25. The vaccine of claim 24 which is capable to replicate episomally within selected cells 
25 of a vertebrate host. 

26. The vaccine of claim 24 which further comprises nucleotide sequences encoding a 
cytokine or chemokine. 

27. The vaccine of claim 24 which further comprises a gene encoding a protein that 
converts a pro-drug into a cytotoxic agent. 

30 28. The vaccme of claim 24 which further comprises one or more tumor markers 

expressed in selected cells of a host mto which said vaccine has been introduced. 

29. The vaccine of claim 28 in which said one or more tumor markers are selected fi-om 
the group consisting of a suppressor gene or an oncogene. 
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30. The vaccine of claim 29 in vsWch said siqjpressor gene is p53, p73, p51, p40, or one" 
homologous to ket rat gene. 

3 1 . The vaccine of claim 29 in which said oncogene is c-myc, c-jun, c-fos, c-rel, c-qin, c- 
neu, c-src, c-abl, c-lck, c-mil/raf, c-ras, c-sis, or c-fps. 

32. A method of providing diagnostics for the presence of tumor cells or cells infected 
with a DNA virus in a host, said method comprising infecting a host cell in vitro or a host in 
vivo with episomally replicating recombinant retrovirus which may encode a diagnostic marker 
and observing any changes in the phenotype or genotype of said host consistent with the 
presence of said tumor cells or cells infected with a DNA virus. 
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AMENDED CLAIMS 



[received by the International Bureau on 18 December 1998 (18.12.98); 
original claims 1-32 replaced by new claims 1-33 (3 pages)] 



1 . An episomally replicating polynucleotide construct comprising retroviral 
sequences encoding at least one LTR of a retroviral genome, said retroviral 
sequences further comprising one or more mutations that disable the integration of 
said construct into host chromosomal DNA, said construct further having the 

10 capacity to replicate via reverse transcription, provided that any reverse 

transcription product obtained from such reverse transcription is also disabled 
from integrating into host chromosomal DNA. 

2. The polynucleotide construct of claim 1 in which said retroviral sequences further 
comprise the 5' and 3' LTRs. 

15 3. The polynucleotide construct of claim 1 in wliich said retroviral sequences are 

selected from the group consisting of HIV, HTLV, MLV, AMV, ALV, BLV, 

SSV, RSV, CAEV, SIV, ERV, EAIV, or FIV. 
4. The polynucleotide construct of claim 1 in which said retroviral sequences further 

comprise an origin of DNA replication. 
20 5. The polynucleotide construct of claim 4 in which said origin of DNA replication is 

one found m a DNA virus. 

6. The polynucleotide construct of claim 5 in which said DNA virus is selected from 
the group consisting of papova viruses or herpes viruses. 

7. The polynucleotide construct of claim 1 in which said one or more mutations are 
25 within an inverted repeat of a LTR or an integrase. 

8. The polynucleotide construct of claim 1 which further comprises a capsid, 
polymerase, protease, integrase, envelope, auxiliary region, or combmations of 
same. 

9. The polynucleotide construct of claim 1 which further comprises a foreign gene. 
30 10. The polynucleotide construct of claim 9 in which said foreign gene is a vertebrate 

gene. 

11. The polynucleotide construct of claim 9 in which said foreign gene is either 
defective or absent from a host cell. 

12. The polynucleotide construct of clakn 1 which encodes integration defective 
35 infectious virus. 
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5 13. The polynucleotide construct of claim 1 which in combination with retroviral 

genes carried by one or more helper constructs encodes integration defective non- 
infectious viral vector. 
14. The transgenic animal, insect or plant containing at least one cell carrying the 
polynucleotide construct of claim 1. 

10 15. A recombinant retrovirus comprising all the genetic elements necessary for the 

production of a virion, said genetic elements selected from the group consisting of 
one or more LTRs and one or more mutations that disable the integration into host 
chromosomal DNA, said retrovirus being replication competent and integration 
defective. 

15 1 6. A host cell capable of supporting episomal DNA replication of retroviral 

sequences encoding at least one LTR of a retroviral genome, said retroviral 
sequences further comprising one or more mutations that disable the integration of 
said construct into host chromosomal DNA, said construct further having the 
capacity to replicate via reverse transcription, provided that any reverse 

20 transcription product obtained from such reverse transcription is also disabled 

from integrating into host chromosomal DNA. 

17. The host cell of claim 16 which is a cell from a vertebrate animal. 

18. The host cell of claim 16 which produces infectious or non-infectious recombuiant 
retroviruses replicating via episomal DNA molecules. 

25 19. The host cell of claim 16 in which said host cell expresses a replication protein 

supporting episomal DNA replication. 

20. The host cell of claim 16 in which said host cell serves as a packaging cell capable 
of producmg infectious or non-infectious virions. 

21. A vaccine comprising retroviral sequences encoding all the genetic elements 
30 necessary for the production of an immunogenic virion, including one or more 

LTRs, said genetic elements including one or more mutations that disable the 
integration of viral DNA mto host chromosomal DNA, such that any DNA 
molecules arising from a reverse transcription step mvolvmg an RNA of said 
immunogenic virion are able to replicate via episomal DNA molecules within h'ost 
35 cells. 
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22. The vaccine of claim 2 1 which provides still more immunogenic virions that can 
stimulate but not overwhelm an inmiune system of a vertebrate host. 

23. The vaccine of claim 21 in which said immunogenic virion is a retrovirus. 

24. The vaccine of claim 23 in which said retrovirus is selected from the group 
consisting of MLV, AMV, ALV, BLV, SSV, RSV, CAEV, HIV, HTLV, SIV, 
ERV, EAIV, orFIV. 

25. The vaccine of claim 21 which is adapted for use in a cancer patient. 

26. The vaccine of claim 25 which is capable to replicate via an episom within 
selected cells of a vertebrate host. 

27. The vaccine of claim 25 which further comprises nucleotide sequences encoding a 
cytokine or chemokine. 

28. The vaccine of claim 25 which further comprises a gene encoding a protein that 
converts a pro-drug into a cytotoxic agent. 

29. The vaccine of claim 25 which further comprises one or more tumor markers 
expressed in selected cells of a host into which said vaccine has been introduced. 

30. The vaccine of claim 29 in which said one or more tumor markers are selected 
from the group consisting of a suppressor gene or an oncogene. 

31. The vaccine of claim 30 in which said suppressor gene is p53, p73, p51, p40, or 
one homologous to ket rat gene. 

32. The vaccine of claim 30 in which said oncogene is c-myc, c-jun, c-fos, c-rel, c- 
qin, c-neu, c-src, c-abl, c-lck, c-mil/raf, c-ras, c-sis, or c-^s. 

33. A method of providing diagnostics for the presence of tumor cells or cells infected 
with a DNA virus in a host, said method comprising infecting a host cell in vitro 
or a host in vivo with episomally replicating recombinant retrovmis which may 
encode a diagnostic marker and observing any changes in the phenotype or 
genotype of said host consistent with the presence of said tumor cells or cells 
infected with a DNA virus. 
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Figure 7 
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Figure 8 
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Figure 9 
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